Quantitative data on the geographic distribution of the European brown hare in the Czech Republic were analysed using a geographic information system with respect to selected environmental factors and natural foci of tularaemia. The highest population densities of the European brown hare were found in geographic areas of up to 200 m of elevation above sea (231.47 individuals/10 km 2 ), climatic district No. 1 (227.91 individuals/10 km 2 ), annual snow cover duration of 40-60 days (183.95 individuals/10 km 2 ), mean annual precipitation of 450-700 mm (174.71 individuals/10 km 2 ), annual sunshine duration of 1801-2000 hour (169.72 individuals/10 km 2 ) and mean annual air temperature of over 10.0 °C (245.00 individuals / /10 km 2 ). A correlation (r = 0.443, n = 395, t = 9.797, p = 0.01) between the population density of the European brown hare and numbers of natural foci of tularaemia in the Czech Republic was found. In other words, tularaemia seems to be dependent on the population density of the European brown hare.
Materials and Methods
For purposes of evaluating the ecology of distribution of the European brown hare in relation to the distribution of natural foci of tularaemia we used geographic computer databases on spatial distribution of environmental factors including the following maps: 1. Hypsometric geographic map of the Czech Republic divided into areas characterised by the elevation above sea of up to 200, 201-400, 401-600, 601-800, 801-1000 and over 1000 m. 2. Climatic map of the Czech Republic encompassing such climatic areas as: 1 = a warm and dry district with mild winter and longer duration of sunshine; a warm and dry district with mild winter and shorter duration of sunshine; a warm and moderately dry district with mild winter; 2 = a warm and moderately dry district with cold winter; 3 = a warm and moderately humid district with mild winter; a warm and moderately humid district with cold winter; 4 = a moderately humid and dry district with mild winter; a moderately warm and dry district, mostly with mild winter; 5 = a moderately warm and moderately humid district with mild winter of the hilly country; a moderately warm and moderately humid district with cold winter of valleys; a moderately warm and moderately humid district of highlands; 6 = a warm and moderately humid district with mild winter in hilly country and on plains; a moderately warm and humid district with cold or cool winter in valleys; a moderately warm and humid district in highlands; 7 = a moderately warm and very humid district in hilly country; 8 = a moderately cold district; 9 = a cold district of mountains; a chilly district of mountains. Larger climatic units in the Czech Republic, i.e., warm climatic regions, moderately warm climatic regions and cold regions include the above districts 1 to 3, 4 to 8 and 9, respectively. 3. Map of the Czech Republic showing snow cover in different areas lasting 40-60, 61-120, 121-180, 181-200 Pikula (1996) . Analytical tools of the KORMAP GIS program were employed to evaluate statistically the environmental conditions of distribution of European brown hare and its relation to the distribution of natural foci of tularaemia in the Czech Republic. The whole territory of the Czech Republic was divided into 1814 unit areas characterised by specific conditions. The distribution and numbers of the European brown hare in unit areas of 5.1 × 8.5 km were checked against databases of the above-mentioned environmental factors to obtain frequency tables, from which we computed the mean number of the European brown hare in a specific area. The frequency table was then further used to compute the coefficient of correlation between the two variables related, i.e., numbers of European brown hare and numbers of natural foci of tularaemia. Differences in the variance of samples of numbers of the European brown hare in specific areas of environmental factors were tested by F-test. Statistical significance of at least p = 0.05 was acceptable in testing the differences and correlation. For more details of the methods and material see Pikula and Beklová (1987) and Pikula et al. (2002 Pikula et al. ( , 2003 .
Results

Distribution of the European brown hare in relation to various factors of the environment in the Czech Republic
Results on the mean numbers of the European brown hare (population density) in relation to elevation above sea, climatic areas, snow cover duration, mean annual precipitation, mean annual sunshine duration and mean annual air temperature are summarised in Tables 1-6 , respectively.
Testing the variance of mean numbers of the European brown hare (population density) in specific areas characterised by individual environmental factors (i.e., within Tables 1-6) resulted in finding statistically significant differences (p = 0.05 and 0.01, respectively). In the Czech Republic the European brown hare population reaches maximum levels of its density in areas characterised by following conditions: elevation above sea of up to 200 m, climatic district No 1, 40-60 d of snow cover duration a year, 450-700 mm of mean annual precipitation, 1801-2000 h of sunshine duration a year and over 10.0 °C of mean annual air temperature. Relation between population levels of the European brown hare and numbers of natural foci of tularaemia in the Czech Republic Correlation analysis was used to test the relation between the population density and geographic distribution of the European brown hare in relation to natural foci of tularaemia in the Czech Republic. For this purpose we used the database on long-term quantitative geographic distribution of the European brown hare in the Czech Republic and the database including the mean spatial distribution of natural foci of tularaemia in the European brown hare during years of 1971 to 2000. A correlation between the European brown hare population density and numbers of natural foci of tularaemia (r = 0.443, n = 395, t = 9.797, p = 0.01) was found. In other words, tularaemia seems to be the European brown hare population density dependent. The higher the population density of the European brown hare, the higher the number of natural foci of tularaemia in a given area. Nowak and Paradiso (1983) , this species may occupy either open country (often cultivated land) or forest. Gaffrey (1961) provides somewhat more precise description listing such habitats as open land, fields, meadows, forests and forest clearings, shrubs and trees within fields, and field edges. Pelikán et al. (1979) mentions the European brown hare inhabiting the whole territory of Czechoslovakia, especially lowlands, and, on occasion, areas above the tree-line in mountains, i.e., in areas of about 1500 metres above sea level. It is mostly found in cultivated land of lowland steppes, warm hilly country, sometimes deep in the forest and city outskirts. The above descriptions, however, are only verbal and lack any characteristics of quantitative data on the geographic distribution and population density of the European brown hare for a comparison with our results to be made. To our knowledge, no one has ever used a geographic information system to correlate population densities of the European brown hare and habitats of its distribution including environmental factors on a large scale basis. There are, nevertheless, some papers evaluating these aspects in a smaller geographic area. For example, in 1987 -1990 Lewandowski and Nowakowski (1993 made an investigation on the spatial structure of the European brown hare populations using the transect routes method in two different parts of Poland that differed in the character of agriculture. Their results indicate that independently of the agrarian structure, the distribution of hares in crops corresponds to their percentage share in the region, with exception of rape fields, which show a tendency to be avoided. There was also a significant relationship between the spatial distribution of the hare and the habitat diversity -highly variegated fields were more consistently inhabited by hares. Besides, hares show a distinct tendency to prefer areas close to the field margins. According to Vaughan et al. (2003) , hares were relatively common on arable farms, especially on those with wheat (Triticum aestivum), beet (Beta vulgaris) or fallow land. They were less common on pastural farms. Panek and Kamieniarz (1999) found the density of the European brown hare in different landscape areas of Poland between 1981-1995 to be ranging from 0.07 to 5.18 ind/km 2 (hunting bag). Strauss and Pohlmeyer (2001) recorded the greatest abundancies with 24.8-27.6 hares/km 2 during years 1995-1999 in the county of Wesermarsch (Lower Saxony, Germany) which is quite comparable to our study.
Considering the relation between the European brown hare population density and numbers of natural foci of tularaemia in the Czech Republic, a correlation (r = 0.443, n = 395, t = 9.797, p = 0.01) was found. In other words, tularaemia seems to be the European brown hare population density dependent. The highest population densities of the European brown hare were found in geographic areas of up to 200 m of elevation above sea (231.47 individuals/10 km 2 ), climatic district No. 1 (227.91 individuals/10 km 2 ), snow cover duration of 40-60 days in a year (183.95 individuals/10 km 2 ), mean annual precipitation of 450-700 mm (174.71 individuals/10 km 2 ), sunshine duration in a year of 1801-2000 hour (169.72 individuals/10 km 2 ) and mean annual air temperature of over 10.0 °C (245.00 individuals/10 km 2 ). Pikula et al. (2003) found tularaemia to be most prevalent in habitats of alluvial forests (x t = 7.20), geographic areas of up to 200 m of elevation above sea (x t = 9.18), 8.1-10.0 °C of mean annual air temperature (x t = 6.24), 450-700 mm of mean annual precipitation (x t = 2.84), and 2001-2200 h of mean annual sunshine duration (x t = 8.77). It can, therefore, be stated that tularaemia is most prevalent in habitats of the highest population density of the European brown hare. This result supports the correlation of the two phenomena evaluated within this study.
There are certainly other factors that play a role in the persistence of tularaemia. Pikula et al. (2002) , for example, evaluated the relation between the distribution of natural foci of tularaemia and the common vole. H ubálek et al. (1998) examined Dermacentor reticulatus ticks for Francisella tularensis. Guryãová et al. (1995) studied the prevalence of ticks infected with Francisella tularensis in natural foci of tularemia in western Slovakia. Data on the quantitative geographic distribution of ticks and other small rodents participating in the circulation of Francisella tularensis in the Czech Republic, however, are lacking to be included in a study like this.
There are only a few studies evaluating the interaction between the size of a population of some wild animal species and infectious diseases. Dobson and Meagher (1996) made such an evaluation regarding brucellosis and bison in Yellowstone National Park. It was found that brucellosis has a sharply defined critical threshold for establishment and maintenance within the population. Brucellosis will persist in bison populations of 200 individuals or larger.
No such a critical threshold has yet been determined for tularaemia and the European brown hare. We can, however, speculate that the same principle takes part in the persistence of tularaemia in natural foci in the Czech Republic and that other reservoir animals -rodents enable lower population levels to suffice for the critical threshold. These are, however, theoretical hypotheses requiring further studies to be confirmed.
Ekologie zajíce polního a roz‰ífiení pfiírodních ohnisek tularémie v âeské republice S vyuÏitím geografického informaãního systému byla analyzována kvantitativní data o geografickém roz‰ífiení zajíce polního v âeské republice s ohledem na vybrané faktory prostfiedí a v˘skyt pfiírodních ohnisek tularémie. Nejvy‰‰í hustota populace zajíce polního byla zji‰-tûna v geografick˘ch oblastech o nadmofiské v˘‰ce do 200 metrÛ (231,47 jedincÛ/10 km 2 ), v klimatickém okrsku ã. 1 (227,91 jedincÛ/10 km 2 ), v oblastech se snûhovou pokr˘vkou leÏí-cí 40-60 dní v roce (183,95 jedincÛ/10 km 2 ), v oblastech s prÛmûrn˘mi roãními sráÏkami 450 aÏ 700 mm (174,71 jedincÛ/ 10 km 2 ), v oblastech s roãní délkou sluneãního svitu 1 801-2000 hodin (169,72 jedincÛ/10 km 2 ) a v oblastech s prÛmûrnou roãní teplotou vzduchu 10,0 °C a více (245,00 jedincÛ/10 km 2 ). Dále byla zji‰tûna korelace (r = 0,443; n = 395; t = 9,797; p = 0,01) mezi populaãní hustotou zajíce polního a poãetností pfiírodních ohnisek tularémie v âeské republice. Jin˘mi slovy, tularémie je závislá na populaãní hustotû zajíce polního.
